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ANAIS Experiment

250 kg Nal(TI) scintillators to look for Dark Matter

(DM) annual modulation at Canfranc Underground | LSC, Spain mm...
Laboratory (LSC) 2450mwe = |

v
- o m orbital
a 601"

Confirmation of DAMA/LIBRA
positive signal with same target and
technique

Experimental requirements:
* Energy threshold < 2 keVee
» Background < 2 c/(keV kg day)
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ANAIS-25

Two modules by Alpha Spectra:

e 12.5 kg, cylindrical

e Quartz windows, no light guides

e Mylar window for low energy
calibration

e PMT Ham (R12669SEL2 & R11065SEL)

Goals:
* Measure internal contamination 4°K and
2381 and 232Th chains
* Determine light collection, fine tuning of
DAQ, filtering and analysis protocols,
general background assessment

Taking data at LSC since December 2012
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ANAIS-25 — Light collection

PMT model Phe’/keV Excellent light collection, better

DO  HamR12669SEL2 16.13%0.66 the detector with high quantum
DI HamR11065SEL 12.58+0.13 efficiency PMTs (R126695E12)

—~ 22 —— ANAIS-25 PMT R12669

T pof| —e— mwsesewranos  f o
~ ——@— previous ANAIS prototypes

= 18 prev ANAIS prototypes + light guide """"""""""""""" """"""""""
% DAMA/LIBRA _______________________ e

Resolution Improvement in all low
energy calibration lines
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ANAIS-25 — Threshold

Coincident events - two energy
coincident lines (*°K and %?Na internal

contamination)
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1 keVee energy threshold
seems to be achievable.
Trigger efficiency at this energy

is under investigation
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events / keV / kg / day

ANAIS-25 — Background

Evolution of cosmogenic contributions to background:

* First month of data-taking
* 15 months later
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ANAIS-25 — Background

Bulk Contamination:

L25mBa/kg 14 pa/kg 3.15mBa/kg 3 uBa/kg

(41 ppb K)
\ J
. ' .

Determined by alpha rate and Bi/Po sequences.
Determined by Verified by simulations.
1461/3.2 keV o
coincidence | 1460.9kev . | g
analysis : | he

3.2ke\ a ﬁ |
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B
ANAIS-25 — Background

Bulk Contamination:

1.25 mBqg/kg
(41 ppb K)

» Radiopurity goals are fulfilled for 4°K (see later) and 232Th and 238U
chains, but a 2!°Pb contamination out-of-equilibrium is present in
ANAIS-25 crystals.

 Origin of the 21%Pb contamination identified (crystal growing) and being
solved at Alpha Spectra.

* New material by Alpha Spectra could be ready soon to be checked at
LSC for radiopurity.
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ANAIS — Muon veto

The muon flux at Canfranc Underground e
Laboratory is one order of magnitude greater 1o° /00{:&}
than at LNGS - muon veto to check “ 2 [ g
systematic effects (16 modules) - ; [omouy
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ANAIS — Muon discrimination

Muon event discrimination by

threshold and shape based on ADC
values.

Muons
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Calibration at surface needed for every plastic
veto (ongoing):
* |dentify u peak position
* Set threshold

e Set ADC discrimination condition and
establish efficiency
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ANAIS — Low energy calibration system
T veenuube >/Co and 10°Cd sources along flexible wires.
/ teadshiedne.  During calibrations they are introduced into
\)\ / the shielding and positioned in front of the
| : ‘k\,\ Mylar windows (closed system - Rn freel!)

N —Co |

_mng
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\A channel

Tested in ANAIS-25

Teflon tube
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ANAIS — PMT Tests

42 Hamamatsu R12669SEL2 units: Optical
High quantum efficiency, very low fiber
background.

Testing parameters:
* Radiopurity - HPGe

* Relative QE
* Single electron response
* Gain
« Dark Rate UV-Led
& filters
MATACQ
PMT 2a Digitizer PC
Generator S;:::B::E:n Discriminator Suie
un A ar
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ANAIS — PMT Tests

42 Hamamatsu R12669SEL2 units: - . -
Developed algorithms to analyze - ‘

waveforms and extract: Test increasing

light intensity
(n—>
mean number of
photoelectrons)

Testing parameters:

* Relative QE

* Single electron response

* Gain

* Dark Rate

Developing quality assurance = = . oy . erus
protocols and selection % - s L . R
criteria 5w L e o -
200 . . ] - [ ] ] :z:: * ) & . . - ] L]
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ANAIS — FrontEnd

e Scalable to N detectors
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i ] 0 - LOW ENERGY * Trlgger:
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DAQ Software design guided by:
e Scalability
e Configurability

’
e mogm o oms * Performance
=]
[non-q-mn] [:.mm] [um] [puaa] Ixnc] I
| |
VME Bus &oAQ Linux PC L g
DAQ Software — Monitor System K
: : * Fully implemented
Vendor Library Filesystem Replication ? ® Te StEd an d C h dalra Cte ri Zed
(closed) extd System
: up to three detectors
Driver Server
(Kernel Module) Zaragoza
— RAID 5
Optical Fiber
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ANAIS — Data analysis software

Robust analysis fully implemented
and tested:
 Waveform characterization:

- Baseline characterization

- Onset, minimum, DC level
area

- Peak detection algorithm
* Single electron response analysis
based on last photoelectron to
avoid triggering issues
* Low energy event selection
protocols optimized
(arXiv:1407.5125)
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ANAIS — Prospects

e Simulating next scenarios:
- More detectors = better 4°K
event rejection with
coincidence

 Current 4°K contribution in a 250
kg experiment fits requirements: , el
2 c/keVee/kg/day - acceptable
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* Alpha Spectra updated purification
protocols -> expected even less 4°K
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ANAIS — Prospects

* Alpha Spectra updated protocols
— A new module expected soon for

radiopurity measurements

ANAIS-25 measured bkg
- Model for ANAIS-250 considering o 10g ANAIS-25 model bkg
PMTs, and 40 ppb K bulk e — ANAIS-250: PMT + Nal bulk “K
Conta m|nat|0n . % 8' BT . S OO SETUOOOoos O SUOTTOOO OO O OO SOOI ST
> SE LA MWA
QO
< 6] W
If 219Pb reduction not achieved we have © B[ = A Moo
also considered two pessimistic 7Y 2N SN W AN W S L P22 P WY W—
scenarios: 3
- Measured background in ANAIS-25. 2
- Model for ANAIS-25 considering ! .
. . e s
PMTs, copper encapsulation, optical 2 4 6 8 10
windows, lead shielding, radon in the Energy (keVee)

inner volume air and Nal bulk
contaminations (40ppb K and 3.15
mBaq/kg 21°Pb).
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ANAIS — Prospects

Projected ANAIS sensitivity to annual modulation supposing:

— 100 kg x 5 y (ANAIS-25 measured bkg)
w100 kg x 5 y (ANAIS-25 model bkg)
[ ATV | s— 100 kg X 5 y (ANAIS-250: PMT + Nal “K)
“ seannnnnn 250 kg x 5 y (ANAIS-25 measured bkg) ° Three backgrou nd mOdEIS
sennnnnnn 250 kg x 5 y (ANAIS-25 model bkg) °
: ssanssnns 250 kg x 5y (ANAIS-250: PMT + Nal “K) 100 /250 kg total m_ass X > years.
‘ e 1-3 keVee energy window
Lowering the energy threshold down
N to 1 keVee - good sensitivity even in
S\ "lll‘_‘ . . . .
e peSS|m|st|c scenarios
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Summary

* Good quality detectors:
- Light collection
- Energy resolution
- Energy threshold
e Electronic FrontEnd, DAQ and Software ready to the full experiment
e PMTs received and being tested
* Muon veto system being characterized

A new Alpha Spectra crystal, with updated purification and growing
protocols, expected soon for check ?1° Pb and %°K contamination

 We are discussing the terms of agreement for 250 Kg Nal(Tl)
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ANAIS — Slow Control

 Slow control
— External Rn

— Temperatures
* Environment
* Frontend
* Inside the shielding

— N, flux
— HV Power supply voltage & current

RICAP 2014 M.A. Olivan
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AS1K — Alpha contamination

1 kg Alpha Spectra grown crystal,
encapsulated at UZ to test at LSC for a
contamination .

o rate, determined by PSA. Compatible
with broken chain at ?°Pb and
contamination at crystal growing.

Alpha Spectra has updated the purification
and growing methods - A new crystal g
available soon to test radiopurity ol

T T T T T 1T
E T3 100 125 150 175 200 225 230 275 300 325 350

107 4 * A5 1K dat
—— Conaminatbn 3 growing

Total alpha rate (alfasikgiday)
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